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Abstract El Niño–Southern Oscillation (ENSO) is the dominant mode of interannual climate variability with
worldwide impacts. The knowledge of ENSO drivers and the underlying mechanisms is crucial to improve
ENSO prediction, which still remains a challenge. The recently discovered connection between an Atlantic
Niño (Niña) and a Paciﬁc Niña (Niño), through an air-sea coupled mechanism during the ﬁrst and last decades
of the twentieth century, highlights an opportunity for ENSO prediction. Here a statistical cross-validated
hindcast of ENSO along the twentieth century is presented, considering the Atlantic sea surface temperatures
as the unique predictor ﬁeld, and a set of atmospheric and oceanic variables related to the Atlantic-Paciﬁc
connection as the predictand ﬁeld. The observed ENSO phase is well reproduced, and the skill is enhanced at
the beginning and the end of the twentieth century. Understanding this multidecadal modulation of the
Atlantic-Paciﬁc connection could help to improve seasonal-to-decadal forecasts of ENSO and its
associated impacts.
1. Introduction
El Niño–Southern Oscillation (ENSO) is the dominant air-sea coupled mode of global interannual climate
variability [Philander, 1990]. ENSO phenomenon is characterized by ﬂuctuations between unusually warm
(El Niño) and cold (La Niña) conditions in the tropical Paciﬁc Ocean, associated with an atmospheric seesaw
pressure pattern, the Southern Oscillation (SO), and to changes in the trade winds through the so-called
Bjerknes feedback [Walker, 1924; Bjerknes, 1969]. The ENSO signal can be felt worldwide through atmospheric
teleconnections, impacting in the livelihood of millions of people [Klein et al., 1999; Alexander et al., 2002;
McPhaden et al., 2006a]. Thus, a huge effort has been made from early 1980s to improve ENSO research,
developing an ENSO observing system [McPhaden, 1999], investigating and modeling the mechanisms
responsible for ENSO development [Wyrtki, 1975; McCreary, 1983; Wyrtki, 1985; Suarez and Schopf, 1988;
Jin, 1997a, 1997b] and analyzing its variability and global teleconnections.
In particular, lots of efforts have beenmade to forecast ENSO phenomena during the last decades. On the one
hand, classic ENSO precursors are found within the Tropical Paciﬁc basin: western Indo-Paciﬁc winds and
equatorial heat content during previous months are crucial for triggering those episodes [McPhaden et al.,
2006a, 2006b], according to the recharge oscillator scheme [Jin, 1997a, 1997b]. From this information, statistical
predictions have been performed, obtaining signiﬁcant correlation skills [Latif and Barnett, 1994; Clarke and Van
Gorder, 2003]. More recently, several studies have shown that the inclusion of other tropical and extratropical
regions enhances ENSO predictability and improves the amplitude of these events [Jansen et al., 2009;
Frauen and Dommenget, 2012; Boschat et al., 2013; Dayan et al., 2013; Keenlyside et al., 2013].
In particular, during the last years, several studies have highlighted the important contribution of the inter-
annual tropical Atlantic sea surface temperature (SST) variability on tropical Paciﬁc one [Keenlyside and
Latif, 2007; Polo, 2008; Rodríguez-Fonseca et al., 2009; Ding et al., 2012; Martín-Rey et al., 2012; Ham et al.,
2013a, 2013b; Martín-Rey et al., 2014; Polo et al., 2015]. In this sense, the leading mode of tropical Atlantic
SST variability, named as Atlantic Niño [Zebiak, 1993], has been found to precede the development of a winter
Paciﬁc La Niña after the 1970s [Rodríguez-Fonseca et al., 2009]. This interbasin connection is established
through an air-sea coupled mechanism: an anomalous equatorial Atlantic warming enhances the overlaying
convection, modifying the Walker circulation with an anomalous ascending branch over the Atlantic and
subsidence over the central Paciﬁc [Rodríguez-Fonseca et al., 2009; Losada et al., 2010; Ding et al., 2012].
Martín-Rey et al. [2012] and more recently Polo et al. [2015] have completed the picture shedding light on
the associated atmospheric and oceanic processes: the anomalous surface wind divergence in the central
MARTÍN-REY ET AL. ENSO PREDICTION FROM ATLANTIC SSTS 6802
PUBLICATIONS
Geophysical Research Letters
RESEARCH LETTER
10.1002/2015GL065062
Key Points:
• ENSO phenomenon is predicted from
equatorial Atlantic SSTs
• The tropical Atlantic acts as a predictor
of ENSO in certain decades
• The statistical hindcast reproduces the
observed Atlantic-forced ENSO events
Supporting Information:
• Supporting Information S1
Correspondence to:
M. Martín-Rey,
mmartindelrey@ﬁs.ucm.es
Citation:
Martín-Rey, M., B. Rodríguez-Fonseca,
and I. Polo (2015), Atlantic opportunities
for ENSO prediction, Geophys. Res. Lett.,
42, 6802–6810, doi:10.1002/
2015GL065062.
Received 24 JUN 2015
Accepted 31 JUL 2015
Accepted article online 3 AUG 2015
Published online 26 AUG 2015
©2015. American Geophysical Union.
All Rights Reserved.
Paciﬁc piles up the warm waters to the west, triggering an equatorial upwelling Kelvin wave, which propa-
gates eastward from boreal summer (June–September (JJAS)) to winter (December–March (DJFM)) months.
As the Kelvin wave propagates to the east, the vertical stratiﬁcation is modiﬁed and the thermocline feed-
backs are activated, favoring the development of La Niña cold tongue. The opposite occurs for an Atlantic
Niña event. Accordingly, the initial conditions of the tropical Atlantic have a strong impact on ENSO predict-
ability [Frauen and Dommenget, 2012], with a considerable improvement of the skill when the model is initi-
alized with equatorial Atlantic SSTs in boreal spring [Keenlyside et al., 2013]. Nevertheless, the equatorial
Atlantic inﬂuence in ENSO development is not stationary on time [Martín-Rey et al., 2014], and it appears
as the leading covariability mode of tropical ocean-atmosphere variability only during the ﬁrst decades of
the twentieth century and after the late 1960s, suggesting additional opportunities for ENSO forecast.
The present study wants to take a step forward in the current ENSO prediction system by understanding the
skill of ENSO statistical hindcast using only the summer tropical Atlantic SSTs as the predictor ﬁeld. Tackling
with the nonstationarities, the time periods in which the interannual tropical Atlantic variability enhances
ENSO prediction will be assessed. A linear statistical model has been developed, and a cross-validated hind-
cast of ENSO has been performed for three different periods of study, taken from 1871 to 2007, according to
the results from Martín-Rey et al. [2014].
2. Data and Methods
Monthly means of the observed tropical Atlantic SSTs from HadISST (Hadley Centre Sea Icea and Sea Surface
Temperature) data set [Rayner et al., 2003] and tropical Paciﬁc wind stress, SST, and thermocline depth, from
the latest version of SODA (Simple Ocean Data Assimilation) reanalysis, version 2.2.4 [Giese and Ray, 2011]
have been used. Thermocline depth (z20) is deﬁned as depth of the 20°C isotherm. The velocity potential
at 200 hPa and 950 hPa (chi200 and chi950, hereafter) has been computed from zonal and meridional wind
from the NCAR twentieth century reanalysis [Compo et al., 2011], being a variable related to the divergence at
upper and lower levels, respectively. Detrended 4months seasonal anomalies have been calculated by sub-
tracting the seasonal cycle and the linear trend from 1871 to 2007.
A statistical cross-validated hindcast of ENSO phenomena has been developed, obtaining the predictive algo-
rithm from the methodology used in Martín-Rey et al. [2014]: Extended Multiple Maximum Covariance
Analysis (EMMCA). This technique allows to calculate the maximum covariance between a predictor and a
predictand ﬁeld. In this case, a unique predictor ﬁeld Z, the boreal summer (JJAS) Atlantic SSTs, is considered,
and a set of different atmospheric and oceanic variables in speciﬁc seasons and regions forms the predictand
ﬁeld, Y [Martín-Rey et al., 2014]. These predictand variables are representative of the processes involved in the
air-sea coupled mechanism of the Atlantic-Paciﬁc Niños connection [Martín-Rey et al., 2014; Polo et al., 2015]:
boreal summer (JJAS) and boreal winter (DJFM) tropical chi200 and chi950 as indicative of the upper level
anomalous divergence (convergence) associated with the Atlantic warming (cooling) and the Paciﬁc
Southern Oscillation and boreal summer (July–October (JASO)) tropical Paciﬁc wind stress, boreal summer
to winter (JJAS-September–December-DJFM) tropical Paciﬁc z20, and boreal winter (DJFM) tropical Paciﬁc
SST, as indicative of the El Niño development.
First, to validate the model (EMMCA), a leave-one-out cross-validation method is used, excluding the year
i that is going to be predicted from the original sample [Dayan et al., 2013]. In this way, the covariance matrix
to predict the year i can be expressed as
Clj ¼ Zlm Yjm (1)
where m≠ i being m=1…nt and nt is the number of years considered in the analysis. Notice that the time
dimensions of the new samples for the predictand and predictor ﬁelds have been reduced in 1 year, nt 1.
Second, we have applied the EMMCA to the new covariance matrix [1], obtaining a regression coefﬁcient
for the year i, ψi [Rodríguez-Fonseca, 2001]
ψ if g ¼ Q V  VT 1  V  YT i∉ 1; nt  1½  (2)
where Q the ortogonal singular vector of the predictor Z and V is the expansion coefﬁcient corresponding to
the predictand Y and nt 1 the temporal dimension of the matrixes. This regression coefﬁcient contains the
information about the relationship between the predictor and the predictand ﬁeld in that year. The
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predictand ﬁeld for the year i is predicted from the regression coefﬁcient (ψ{i}) and the predictor ﬁeld (Xi),
which have been constructed from the information given by the rest of the years of the sample, nt 1:
Y^ l ¼ ψ if g  Zi (3)
Finally, the procedure is repeated omitting each of the years to be predicted until the end of the period of
study. The cross-validation method is performed for three selected periods, 1871–1938, 1939–1966, and
1967–2007, according to Martín-Rey et al. [2014]. Although the full set of atmospheric and oceanic variables
involved in the Atlantic-Paciﬁc connection has been considered in the EMMCA, the present study is only
focused on the tropical Paciﬁc variables associated with ENSO: surface wind, thermocline depth, and SST.
To select the Atlantic and Paciﬁc Niño events, the expansion coefﬁcient of Tropical Atlantic SST in JJAS
obtained from the EMMCA and Niño3 index (150°W–90°W; 5°N–5°S) in DJFM for the total period 1871–2007
have been considered.
Signiﬁcant values exceeding 90% or 95% conﬁdence level according to a Monte Carlo test are presented.
3. Results
Figure 1 shows signiﬁcant correlations between tropical Atlantic SSTs in JJAS (predictor, purple line) and tro-
pical Paciﬁc wind stress 1month later (JASO, predictand, green line) only during the ﬁrst and last decades of
the twentieth century (orange line). These periods coincide with negative phases of the Atlantic Multidecadal
Oscillation (AMO), which could modulate the Atlantic-Paciﬁc connection as multidecadal time scales through
changes in the variability of the equatorial Atlantic convection and equatorial Paciﬁc SSTs [Martín-Rey et al.,
2014]. Nevertheless, other natural decadal patterns as the Inter-decadal Paciﬁc Oscillation (IPO) and the
anthropogenic forcing could also contribute to the establishment of the inter-basin connection (Figure S2
in the supporting information).
The fact that the Atlantic-Paciﬁc Niños connection only emerges during certain decades suggests that tropi-
cal Atlantic SST only acts as a predictor of ENSO during those periods, in agreement with Martín-Rey et al.
[2014]. Thus, three different periods are used to evaluate the ability of the Tropical Atlantic SSTs to predict
ENSO phenomena along the twentieth century: 1871–1938, 1939–1966, and 1967–2007.
The correlation maps between the observed and predicted tropical Paciﬁc variables involved in ENSO
development (SST, zonal wind stress, and z20) reveal a high-prediction skill at the beginning of the
twentieth century and also after the late 1960s (Figures 2a, 2c, 2d, 2f, 2g, 2i, 2j, and 2l). In particular, an
agreement between the observed and cross-validated zonal wind stress is shown in western Paciﬁc
(120°E–160°W; 15°N–15°S), reaching correlation scores of 0.4–0.6 (Figures 2a and 2c). For a warming in
Figure 1. Modulation of the ENSO prediction skill from tropical Atlantic SST. Expansion coefﬁcients of the observed anomalous
tropical Atlantic SST in JJAS (purple) and tropical Paciﬁc zonal anomalous wind stress in JASO (green) from the Extended
MaximumCovariance Analysis (EMMCA) applied for the total period 1871–2007 [fromMartín-Rey et al., 2014]. The 20 yearmoving
correlation between both coefﬁcients is also presented, (orange line), in which signiﬁcant correlation scores are shown in dots.
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the equatorial Atlantic, these wind anomalies are related to the anomalous surface wind divergence in the
central Paciﬁc, as a consequence of the descending branch of the Walker circulation, following the atmo-
spheric mechanism proposed to link the tropical Atlantic and Paciﬁc basins [Rodríguez-Fonseca et al.,
2009; Losada et al., 2010; Ding et al., 2012; Polo et al., 2015]. The perturbation of the thermocline depth
in the central Paciﬁc (180°–130°W, 5°N–5°S) during JASO season is also well reproduced by the hindcast,
with correlation scores of 0.4 (Figures 2d and 2f). Finally, the model simulates the eastward and westward
propagation of z20 anomalies, according to the equatorial Kelvin and Rossby waves in the framework of the
ENSO theory [Suarez and Schopf, 1988; Neelin et al., 1998]. These anomalous changes in z20 would modify
the vertical stratiﬁcation and favor the development of the SST anomalies (Figures 2g and 2i). The hindcast
is also able to reproduce an ENSO-like pattern during DJFM season, characterized by the central-eastern
equatorial tongue (Figures 2j and 2l).
On the contrary, for the period 1939–1966 (Figures 2b, 2e, 2h, and 2k), no signiﬁcant correlation scores are
found between observed and predicted tropical Paciﬁc variables; thus, there is no ENSO predictability from
Figure 2. Correlation maps between observed and predicted variables over tropical Paciﬁc. Correlation maps between the observed and predicted zonal wind stress
in (a–c) JASO, (d–i) JASO-DJFM thermocline depth, and (j–l) DJFM SST; for the periods 1871–1938 (Figures 2a, 2d, 2g, and 2j), 1939–1966 (Figures 2b, 2e, 2h, and 2k),
and 1967–2007 (Figures 2c, 2f, 2i, and 2l). Signiﬁcant values exceeding 90% conﬁdence level according to a Monte Carlo test are presented in shaded.
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Tropical Atlantic SST for those years.
These results imply that the Tropical
Atlantic SST in JJAS is able to predictwind
stress over western and eastern Paciﬁc in
JASO,which in turnwill transfer this varia-
bility to the thermocline depth and SST in
DJFM at the beginning and end of the
twentieth century but not in the decades
in-between (Figure 2).
In order to determine the years in which
the prediction is better achieved by the
model, the time evolution of the
observed and predicted Paciﬁc variables
is also evaluated (Figure 3). In accor-
dance with Polo et al. [2015], anomalous
surface wind in western Paciﬁc is crucial
for triggering the Kelvin wave, which
propagates eastward changing the
vertical structure of the ocean and
activating the thermocline feedbacks
responsible for the creation of ENSO
SSTs anomalies. For this reason, the fol-
lowing key variables for the develop-
ment of the Atlantic-forced ENSO have
been chosen in speciﬁc regions for com-
parison: zonal wind stress in western
Paciﬁc (120°E–160W°, 15°N–15°S), east-
ern Paciﬁc z20 (140°W–80°W, 5°N–5°S)
and SST in the central-eastern equatorial
Paciﬁc (180°–80°W, 5°N–5°S) (yellow
boxes in Figure 2).
The time evolution of the anomalous
zonal wind stress in JASO, thermocline
depth, and SST during DJFM season is
well reproduced by the cross-validated
hindcast for the ﬁrst and last decades
of the twentieth century (Figures 3a–3c
and Tables S1-S2 in the supporting
information). Notice that despite the
model’s ability to simulate the ampli-
tude of the JASO zonal wind stress and
DJFM thermocline depth for the three
periods, the correlation scores rise
and become signiﬁcant only during
1871–1938 and 1967–2007 with small
root-mean-square errors (Figure 3 and
Tables S2-S4 in the supporting informa-
tion). These results indicate that JASO
wind stress is the key variable for the understanding of the Paciﬁc response to the tropical Atlantic inﬂuence.
An important aspect to take into account is that the RMSE decreases for all the predicted variables during
the ﬁrst decades of the twentieth century and after the late 1960s (Figure 3 and Table S4), indicating the good-
ness of the hindcast to simulate ENSO-associated variables during those periods. For the period 1939–1966 the
prediction fails: higher discrepancies are found between the time evolution and amplitude of the predicted and
Figure 3. Temporal evolution of the predicted ENSO. Observed and pre-
dicted zonal wind in (a) JASO of western Paciﬁc (120W°–160°W; 15°N–15°S),
(b) z20 in DJFM in central-eastern Paciﬁc (140W°–80°W; 5°N–5°S), and (c) SST
in DJFM in eastern equatorial Paciﬁc (180°–80°W, 5°N–5°S) for the period
1871–2007. Observations are plotted in black lines and the predicted
variables have been calculated using the regression coefﬁcient of the model
(Ψ) for each of the three periods of study: 1871–1938 (pink line), 1939–1966
(green line), and 1967–2007 (blue line). The correlation scores and RMSE/std
for each period is also indicated.
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observed variables, given rise to no signiﬁcant correlation scores (solid black and green lines in Figure 3 and
Table S1 in the supporting information).
In summary, the tropical Paciﬁc wind stress, thermocline depth, and SST related to the Paciﬁc response from
an Atlantic inﬂuence are well simulated by the model during the ﬁrst and last decades of the twentieth cen-
tury but not during the period 1939–1966, conﬁrming the nonstationary inﬂuence of the tropical Atlantic
SSTs on ENSO. For this reason, hereafter, we will focus on those periods with signiﬁcant correlation skill, in
which the Atlantic SSTs can act as precursor of ENSO.
Atlantic and Paciﬁc El Niño events have been selected from the standardized expansion coefﬁcient of tropical
Atlantic SST in summer (JJAS) months and the observed and predicted Niño3 index in DJFM (Figure S1 in the
supporting information). The impact of Atlantic Niñas and Niños on ENSO phenomena has been analyzed
separately to investigate possible nonlinearities in the interbasin connection.
The following observed Paciﬁc La Niña events (Niño3 index lower than 0.5 standard deviation) preceded by
an Atlantic Niño during previous JJAS season, and also predicted by themodel, have been selected for the com-
posite: 1889, 1893, 1909, 1912, 1924, 1933, 1973, 1983, 1984, 1995, and 1998. Notice that only those episodes,
which occurred during the ﬁrst and last decades of the twentieth century, when the Atlantic-Paciﬁc connection
is established, have been chosen (Figure S1a). The Atlantic Niños are characterized by an extended band of
positive SST anomalies covering the entire equatorial Atlantic region (40°W–20°E, 5°N–5°S) during JJAS
(Figures 4a–4h). Associated with this Atlantic warming, anomalous easterlies appear in western Paciﬁc as part
of the surface wind divergence in the center of the basin (Figures 4a and 4e). As a result of these anomalous
Figure 4. Spatial structure of the Atlantic-forced ENSO. (a–h) Composite of the observed Atlantic Niño events and observed and predicted Paciﬁc variables related to
a Paciﬁc La Niña: wind stress in JASO (Figures 4a and 4e), z20 in JASO-DJFM (Figures 4b, 4c, 4f, and 4g), and SST in DJFM (Figures 4d and 4h). Regions where 5 of the 11
events agree in sign are presented in black vectors and shaded. (i–p) Same as Figures 4a–4h but for the Atlantic Niña events and observed and predicted Paciﬁc
variables for a Paciﬁc El Niño. Regions where 5 of the 11 events agree are shown in black vectors and shaded areas.
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winds, a shallower z20 in the central Paciﬁc (150°W–120°W) appears during JASO season, propagating eastward
as a Kelvin wave, resembling a zonal seesaw pattern of z20 anomalies in the equatorial Paciﬁc during DJFM
(Figures 4b, 4c, 4f, and 4g). This spatial conﬁguration is associated with the eastward upwelling Kelvin wave
and westward downwelling Rossby wave propagation from JASO to DJFM seasons. Finally, the characteristic
cold tongue of La Niña event (180°–90°W, 5°N–5°S) is completely developed during DJFM months
(Figures 4d and 4h) through the activation of the thermocline feedbacks (according with Polo et al.
[2015]). Following the same criteria as for the selection of Atlantic Niños, 11 Atlantic Niña-Paciﬁc El Niño
years have been chosen: 1880, 1882, 1887, 1890, 1902, 1914, 1922, 1982, 1989, 1994, and 1997. Notice that
the strongest El Niño events, which occurred during the past decades (1982 and 1997), are well captured by
the hindcast (Figure S1b). Anomalous cooling over equatorial Atlantic is associated with an anomalous
wind convergence in the central-east Paciﬁc (140°W–120°W) in JASO (Figures 4i and 4m), which is able
to trigger a Kelvin wave propagating eastward during the following months (Figures 4j and 4n). El Niño-like
pattern of SST anomalies, together with an east-west gradient of anomalous z20, is shown in DJFM months
(Figures 4k, 4l, 4o, and 4p).
Almost half of the events (5 over 11, for predicted and observed positive Atlantic events and 5 over 11 for
negative Atlantic events) resemble the mechanism of the Atlantic-Paciﬁc connection described in Polo
et al. [2015]. For the periods with signiﬁcant correlation skill, the hindcast shows that around 40% of
the Atlantic Niños (Niñas) impact on the Paciﬁc La Niña (El Niño) episodes during the next winter
(Tables S5–S6 in the supporting information). Moreover, the number of Atlantic-Paciﬁc episodes simulated
by the hindcast is higher than those shown in observations, suggesting that a percentage of the observed
Atlantic-forced ENSO phenomena can be also inﬂuenced by other external contributions. In this sense,
extratropical atmospheric and oceanic variability from North Paciﬁc and north tropical Atlantic SSTs could
modulate the wind variability in western equatorial Paciﬁc, favoring the development of ENSO phenom-
ena [Vimont et al., 2001, 2003; Boschat et al., 2013; Ham et al., 2013a] and enhancing their prediction
[Dayan et al., 2013]. The inﬂuence of the Indian Ocean on ENSO phenomena has been also reported
[Terray and Dominiak, 2005; Izumo et al., 2010, 2014]. The previously mentioned extratropical and tropical
contributions could be interfering with the Atlantic forcing in the tropical Paciﬁc basin, modulating the
occurrence of ENSO episodes.
Notice that although the running correlation between the expansion coefﬁcients of the predictor and predic-
tand ﬁles indicates that the Atlantic-Paciﬁc connection is active after the late 1960s (orange line in Figure 1),
the analysis of the individual events reveals that during the period 2000–2007, the tropical Atlantic SSTs are
not able to predict the ENSO phenomena (Figure S1). The Atlantic inﬂuence on ENSO veriﬁes the “delayed
oscillator” theory and could be also in agreement with the “recharge oscillator” theory, since it involves the
piling of warm waters to the west due to anomalous winds in the central Paciﬁc. These winds are able to
trigger oceanic Kelvin waves propagating to the east. This lack of predictability during the most recent
decades is in agreement withMcPhaden [2012], who have demonstrated the weakened relationship between
the Warm Water Volumen (WWV) and ENSO in the 21st century.
4. Summary and Discussion
The potential role of the tropical Atlantic SST in predicting ENSO phenomena has been investigated, based
on previous studies showing the enhancement of ENSO development due to the interannual Atlantic varia-
bility. The results shed light on the decadal differences in the statistical prediction due to the modulation of
the interbasin relationship discussed in Martín-Rey et al. [2014].
In the present study it has been demonstrated that
1. A statistical hindcast for ENSO phenomenon that considers the boreal summer tropical Atlantic SSTs
as the predictor ﬁeld is able to reproduce the Paciﬁc variables involved in ENSO development. This is
in agreement with the proposed air-sea coupled mechanism of the Atlantic-Paciﬁc connection
[Rodríguez-Fonseca et al., 2009; Ding et al., 2012; Martín-Rey et al., 2014; Polo et al., 2015].
2. The Atlantic SSTs act as a precursor for ENSO episodes only during the ﬁrst and last decades of the twentieth
century.
3. The hindcast fails in simulating the Paciﬁc variables during the period 1939–1966, putting forward the lack
of ENSO predictability from tropical Atlantic SST during those decades.
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4. For those periods with a predictive skill, the statistical hindcast tends to predict larger SST anomalies in
ENSO phenomena than in observations, showing also a stronger signal in the wind stress and thermocline
depth ﬁelds.
5. Summer (JASO) surface wind in the western Paciﬁc is the key variable in the development of ENSO events
associated with the remote Atlantic forcing.
The present study implies a step forward in the understanding of ENSO predictability. First, a new methodology
has been applied to predict ENSO phenomena. Second, it has been demonstrated for the ﬁrst time that the skill
of the ENSO forecast based on the tropical Atlantic SSTs depends on the decades considered. The skill of ENSO
prediction, using the JJAS tropical Atlantic SSTs as predictor, increases and becomes signiﬁcant during the ﬁrst
and last decades of the twentieth century, when the Atlantic-Paciﬁc connection takes place. This multidecadal
modulation could be associated with decadal patterns of oceanic variability, which in turn, could modify the
background state of the Atlantic and Paciﬁc Oceans, favoring the interbasin link. In this sense, previous studies
have suggested that the AMO could modulate the Atlantic-Paciﬁc connection through the enhancement of
the convection over the western equatorial Atlantic and the increase of the oceanic variability in the eastern
equatorial Paciﬁc [Martín-Rey et al., 2014; Polo et al., 2015]. Furthermore, López-Parages and Rodríguez-Fonseca
[2012] have proposed that apart from the AMO, the Paciﬁc Decadal Oscillation could drive the changes in
ENSO teleconnections at multidecadal time scales. Additionally, Kucharski et al. [2011] have relied on how the
global warming (GW) induces a warmer tropical Atlantic that could alter the Walker circulation, modifying the
oceanic feedbacks in the tropical Paciﬁc, giving rise to a La Niña-like SST pattern.
Following the above mentioned studies, the running correlation of the expansion coefﬁcients for the tropical
Atlantic SST and tropical Paciﬁc zonal wind (as an indicator of the Atlantic-Paciﬁc connection) has been
compared with AMO, Inter-tropical Paciﬁc Oscillation (IPO), and GW indexes (Figure S2). The Atlantic-Paciﬁc
mode often appears when the negative phase of the AMO coincides with a positive IPO phase. This result
suggests that warmer SST conditions in the southern oceans could favor the interbasin link. Furthermore,
the positive temperature trend of the GW during the last decades could enhance the warming in the tropics,
setting up the oceanic conditions needed to trigger the Atlantic-Paciﬁc connection.
ENSO forecast still remains a challenge for the scientiﬁc community, since the current state-of-the-art
coupled models are not able to show a realistic representation of ENSO amplitude, spatial structure, and tran-
sition between phases [Guilyardi et al., 2004, 2009]. The present results put forward that Atlantic variability,
from seasonal to decadal time scales, can play an important role in ENSO prediction. Therefore, this variability
needs to be correctly simulated. Nevertheless, General Circulation Models have important biases in
reproducing the tropical Atlantic climate. Current deﬁciencies of most of the state-of-the-art climate models
in forecasting ENSO events could be associated with the equatorial Atlantic bias. In this sense, a European
Project Enhancing PREdiction oF tropical Atlantic ClimatE (and its impacts) has been funded with the aim
of enhancing the prediction of tropical Atlantic and its impacts by reducing the bias of current state of the
art coupled models. Finally, further investigation would be needed to understand the origins of the multide-
cadal modulation of the Atlantic-Paciﬁc connection and to properly attribute ENSO predictors during phases
when this connection is not active.
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